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(54) LITHIUM-SULFUR BATTERY HAVING HIGH CAPACITY 
(57) Abstract: 

PURPOSE: Provided is a lithium- sulfur battery havinq a high capacity, which contains an electrolyte 
containing an organic mixture solvent comprising a lithium salt, a weak polar solvent, and a strong polar 
solvent. 

CONSTITUTION: The lithium -sulfur battery comprises: a cathode containing lithium metal or lithium alloy 
as a cathode active material; an anode containing an anode active material and an electrically conductive 
material, wherein the anode active material contains at least one sulfur material selected from the group 
consisting of sulfur atom, Li2Sn(n«fgt;="1)," an organic sulfur compound, and a carbon-sulfur polymer; 
the electrolyte containing the lithium salt such as lithium trifluoromethanesulfonlmide and lithium triflate, 
the weak polar solvent such as xylene, dioxolane, and tetrahydrofuran, and the strong polar solvent such 
as hexamethyl phosphoric triamide and gamma-butyrolactone. When the lithium -sulfur battery Is reduced, 
a first reduction peak of a cyclic voltammetry Is shown at 2.4-2.0V at a scan speed of less than 0.5mV/s. 
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t 

« 

> , o o ^It?? ^' (CO^-'^^ORa, R. (C0z)„R2. R, (C03)„R2 0R3. R, (CH2CH20)„R2 ( 

£ 1 

£ l-fr ^ l-gsl e]f- - % ms.Il^ (cyclic voltammogram)* tlEj-^fl rtefl^. 

21 # - ^ % - % (Sulfur - Sulfur combination) # 7H % ^ Sj-^i-g: <y:^ £ A>-g.s). e) # 

4 ^i^e] Hfe Blf- o)^ =4 ol^fi) ^ ^.g-ojo] <acHul.^ ^^;^) o.^ 

nl^ ^Sl ^] 6.030,720 J:(PolyPlus BatteryAf) o)] elf- . ^ ^^j-g- ^^floj} o.^ R , (CH2CH2O) R, (n* 2 ^^1 
i^*; '^'i'^^ ^^^^l7l<^)t^)5l ^^ulls. ^^l-^(donornumber)7> 15 ^W?! ^ 

Sl^.c^2xt^,^,t''';i''*^'^ ^^fl^- ^^^^(cryptand). iE^ ^nfl (donor solvent) 

^±S. ?llt2f<»lS(catholyte)7l- Slfe ^«8«}ol 7l#=Io1 jac]-. o) ;5i;,ls] ^^o] -L^^^p^tt ^^^l) ol"a;<l^ 

^ ^i^S: ^-^^ €-^1^^ n:^t\7] m ^^S.Ai. ^ ^igsl ^aj^, Ji^^ Elf- -ig- ^ojcf. 
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^7) ^^§t}7] m^. ^ '^i^^ elt £fe e1# ^^o) o.^ ^c^g^^ ^ Li ( 

^oi-^i ^isii^^ o].^ 51-^1-, ^o]^^ ^^^^ n. o ^ s?]- m^s.^}o]^n si-f-i-, r ,or2 (r, ^ Rz^ -a-^) 

^J^slfe °)=^ -g-oflfij-R, (C0)„R2. R, (CO)„R2 0R3. R, (C02)„R2. R. (C02)„R2 0R3. R, (CH2CH20)„R2 ( 
n ^ 1. R, . R2, Rafe -a-^l. OH, . t^lN. ^^A]7l)a) 7>:5l -8-»li, aM#^ ?>JiMlolE o.;,^ ^ 

^7> i5Ji4 ^ -g-'^ll, E^f- #e1^4'^lS.i+ B^f. ^s^6)c^ ^ safe ^l-Jf^g^^HJ -8-"l|a o]^6]:^ ^oflAi 

£ Sic).. 

^7] e] # . % ^>^] » A] ?i ^ . oj:^oi) i-a) -a H (s„ - \ s„ ■ 2 . 7) n ^ 2) 4 ^ 40] = (S - M s] <H 

^^1 ^)*flAi^ #E)^4olH(S„ -' . S„ -2 . o^7lAl n ^ 2)^ % €±(atomlc sulfur) *£fe ^o^^ 2 M o) 

^o] H)-^al«l-i:)-. 

^7) e)l--:t ^^l* ^r^Cf'^)^]?!^ ^ ^■%-^] 0.1 mV/s <^1*>^ iii?^ ^J£<H1^1 4-^1 #§1 l-E^-cflEe) (cyclic 
voltammetry)^! ^ ^^CS"^) ii|37l- 2.4-2.0 V ^i^ofl>H ^^CS"^) ^3.^ 2.2~1.7 V 

€'a-°ll>H M-B}-q-^. ^ -a^C^^) slHfe 1.8 V ^"U- ol'S-'^l^i M-Hl-vi-c).. 

-g- ^"S-a: :a-§-^# M-Efifl^ e]f--% ^^1* ;^l*^c)-. 2.-g-^ elf--^ ^^1* ^sflA^^ %s] 

•^i-g-i-^ ^<^<^> sH. "^i-g-i:* ^sfl^ 4^ -y^^^ -a^iifii- 42^7} 1^ 

e)l--% ^^I'fl'^l ^«(|^-g- ;^]^] 811 <g (supporting electrolyte)?! e|#<g4 -^-7] .g-^'lll- S^tl-cf. o] ^7] .g-Qfl^ 

4. -il-^^ ^Bll(fuiiy oxidized state)?! % aj^^g -g-^im ef^V 

0 ±14 32 - 2 iicf ^^4[<^l"fl, -a-^^fe (^«>^/ % 4# ^<^1 (sulfur chain length)^. ^fi1t!-4]. %2l ^s^^7} 
0<^ 7l-^7>.g- .g-DHofls ^«i)£]e)e]- i>a-s)^m ^s] >iV^'=^7l- - 1 oi>y-s) l.e)^4o|Hl- .g- 

«fl^l?]7l ^Vha) 7j-^v .g.Dfl7f .2.^^14. 4el-H -a-^^ l-el'a4<^)Hl- ^sflAi?]?] ^n^.^ 

«e)^sl.«lHS^ ^nsi7} fe^^s. ^;^ifi) .u-;a^^o, h4. el-f - ^ ^^l?]- -g-^2|- 7^7] 

^ f-i ^^^1 ^ Sife ^?!^El)Sl l-Hl'a4^lH(S„-' . S„-2 , C.)7lA^ n ^2)4 'a3}-<^)S(S-2 )7} Alofl 

0fl>S.S|^ Af^ :aol7> LI2S. Li2S2 7l- f^^ Aldfl Oj:^0) ^7l^«|- W}o.<^i ^ o;i7)| o.y] 

^^4-g-«]l<^> 3.-g-^2] ^W-i^^^7} ^2^^ ^ 5a4. L12S. Li2S2fe ^An^c.\] ^o}ox^ ^ 4#^'>)7> ?1 ^el-a 
4<=>1.H.4 •§•'3'^ ^«^^■S- (Homogeneous chemical reaction)-!- 7]^ ^7ls}-Sj- ^.g-ofl ^<^1t ^±3. ^^€4. 
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^ ^"g^^i^ -g-'HS 5tt:V ^ufl (weak polar solvent)^^ -g-^II (strong polar solven 

t)^ -S-71 -8-ofll- Af-g-^cf. o}:^ -g-DflSfe o>^ Al.o)^s^ ^^1-4 N, 0 ^ S7f *ilEflSA].o) 

m^ R.ORz (R, ^ Rz^ ^^ol^l, aH«5^ iEllS a)^^ oHEfle ^eHoJ) ui^^ ?l-JiLv||olE(acycH 

c carbonate), -8-^ (dielectric constant)7l- 15S.^ ^-B: -g-i. % €i(elemental sulfur)* -g-^flAl^J 4^ 
al'a^^j^H^ -g-DlKaprotic solvent)!- S'&t^4. ^-1^ -g-flls] ^^jajtl <^5.fe ^l-^^ (xylene), t:)^*?}- EflSe^- 

?Vitilo)E_ ^^^^f. ojcf. 7^^1 -Aj R ^ (C0)„R2. R. (CO)„R2 0R3, R, (C02)„R2. R, (C02)„ 

R2OR3.R, (CH2CH2 0)„R2(n^l, R,. R2, Rg^ <^)-l, ^J"!, 'a-^Al7l)S] ^^f- 71-^ -§-D||ul-AH# 

^ ?l-Jitflol:E, -B-^ 'S-'^7l- iSJicf ^ -g-oH. elf- f-ej^sl-oiHu)- e]fl- -isj-olH.!- -g-«(lA)?j ^ o;i^ aj-^^^a^^^ -g-i 
§ S^tli:^. <^S.^ SlAHl S.±^^ Se1o].n><.lH(hexan,ethyl phosphoric triamlde). 



a'?!:. ^-§-"1)5. ^olii. ^<^1^ ^7] t}^ ^dUi. d)^ ^ Sic).. ^^Dflo] ^o)>, AVs) ^A])aJoi 

iflilr-a-. «>l|l'a #e^#, #2)ol]l€ #e|#. E5)a^^^oHieA>. .Ee1t^j2.£.i^l^>a^-t}- -M^l 

Eol-nHH, N.N- c)Bi)lSf-ol-DHH, Se) e , Selni)l5L>;5l]ol e n.N.N'.N- - EflS£l-oi)1^5L<^l-DH 



^7] ^«||<goi e)#<g HEl'&^ASifl^'a^olBlHdithium trifluoromethansulfontalde). £]# S 

2) (lithium triflate). e1# si#S.e||6l S (uthium perclorate). LiPF LiBF4 ^-i- A>-g-t!-c|-. 

■& ^"gSl 511--^ ^^l^llAi ^ 7]]^ ^^o] ^ Li2S„(n ^ 1). ^^(organosulfurcoin 

pound) l-el'^[(C2SJ„, '^7lollA^ x=2.5-50. n^ 2] *W o)-*-!- A>^^ <^ £ JtJc}.. -^71 «g= 

^-S: ^o] niA^. IVA^ ollrS) ^ ^^1- ^ oji-o) ^ oj^jj-o^ ^7)-;«ll* c]^ o;ic).. 
^7] ^o] o.^^ Sc. Ti. V. Cr. Mn. Fe. Co.Ni. Cu. Zn, Y. Zr. Nb. Mo. Tc. Ru. Rh. Pd. Ag. Cd. Ta. W. Re. 
Os. Ir. Pt. Au. Hg -i-ol StSljl. ^7] niA^ Al. Ga. In. Tl f-^l ^7] IVA^ Si 

Ge. Sn. Pb ^o] E.^^t^. 

^7l £^^1)1. ol^ if-t^cf. ^7] S^i^flSfe ?1.^(^41: ^f--^: ^s] -P). 1-^14 

^■S: #^ SEfe #elo>id^, l-B)EliLJa. #e;oMl€€. l-Elall-al- 3.^7.}^ Hfe -^^^H 



olE)_ ^e^Hlii ^e;oj|^ia ^aHs., #e)Hl^ 5li-e|€-. ^^i^olEjs. #e|o1ll€ 7Vhi^^ #ei 

igl^ l-ela|^e]<ai-^iLe]-olsfil a#eln) (^a-f-tg: Kynar). €el(o]ii <>]-Hl5lIo]E) teiEflEe).ao^^o))^ia. 
^ 5114. 
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?1C)-. -tElsIl- >(|2:*|-7l -g-nflS^ aV^lci ^ iE^i^lll- ^<Um] ^^^M ^ ^.n^ ^ ^] ^.^5)^ 

^#4-8-*l-fe ^<^1 Hj-t^lsH. cils^^s.^ o).4£qE^_ D)]^^ o)]^^ EilEg^.s^oics^^^ ^ ol±=s^<a-f 

^i:4-g-t ^ SJc)-. cf^^S. %-5)-ti-'?l % Li2S„(n^l). -^7) . % ^±-^ o] 

€ -^ElBll- ;<I|2:?!:cf. -talejofl stslfe ^-^^1- SEfe 'S^^^.s. ^7Hsl <a=^ ^ fg^ll sa<H4 41*1 
f'At!- slol-t 7f;^l;^l r^:^] 3.^0] ^o]^s.^ ^£1- 7^^ 



oi«4 ^o] ^1^^ ^^i^l^l £iE*>:ii. :?lssH -Jf^ ^^^tv ^ oil- s^^i) aJ-^^vc).. ^ei 

^£le]5^ ^£ ^ Bfe -y^^ q-^grfi] ^Tflofl i4el- ^^fi ^^fls ^^^lo(| ;g 

n^. ^^^^11- >^>-8-SF^ clJ^ «V^a)*>cf. ^±7} ai 71^$^ A>-8.«|.fe ^jo] ^±7} s.^ 

•i^^m^ safe ^^o) aicf. 



9X^. ^o] H)^A^ % (inactive sulfur)^ %o] <^e1 7M1 ^7l^«l-^ S£fe "y^^-S] ^7)^ 

^ »^ir^ C-lol^ ^oj^ ^ ^a-Efloj n^s|.B^_ o.^ ^^o)] ^a^^ t,]^>g o.^^ i3:°-|(pro 

tectlve layer) ^S>M ^^-i" *>fe Si^f. n^ef^i, ej# o] e^f - ^ofl ^aj.^ h]^a^ ^ ^o] 



2l#-* ^^1<H]A-1, ^7l ^aa-fi] 7]^S.^ ^n^^S] ^^^21- ^^o] 5^0.2.3. f'Asfcf. 7l-?£7)- U]^ ^o.^ ^ 

^ 7i^£fe «g=^ ^s\s\ 2 % c]^ «V^2)«F7iife 5 % -^l^. 7M 10 m^l 

40 



™># 1-^ <^l-^(niass transfer) ^a) f-el^^ol^S] ^^A]?]?) ^^A^ ^el^cfl o]^ ^SflAife :g 

S.7} ^tl]«!!fi] A};gol ^^^4. 



^ 5^1-. ^ ^l7m«haj 7]^^ AH#e^ l-EfDi]HEl (cyclic voltammetiy) ^^^-^^ f- 

^^^S.^^:^^x^.^•}o]9^ l■E^oilSe^fe^;q«OCV(open circuit voltage)<HlAi 1.5 vfl^l 1.8 V^H i-il7l-El«(n 
egaUve) ^^J-^ rii^Jt!- ^. 1.5 1.8 V^flAl 2.4 Ml^l 3.0 V^H E) u (positive) 'S-^o.s. ;jioj-^ 

cfA] 2.4 ifl^l 3.0 Vo||Al OCV^'W M171-E1U. Mj-^o.^ :ji<y-^ i^i?J!S>o^ ojuJl^ Al.o)f-s^ 

•i-El-aa^ (cyclic voltammogram)'8: 2 V/2l~0.0001 mV/3L AfolS] cf'y^t!- iii^^S.'HlA-] ^Silc)-. 



l-EfxHlSelal ^ J^aL7> 2.4-2.0 V ^«a-«l|'H i+Emoj. -f- ^*|| S\3.^ 2.2-1.7 V ^^J-^A-) ufE^ufjl 
-iV^ 3|3fe 1.8 V ^-a- ol'y-ofl'H >4El-V!-cf. 
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^sioi ^n^<^ ^ns. ^^m. *h-.> ^^^±s. oi#si ^^7} ^d*fl^«Hi tflt> ^^^^ A 

^>^vo| .yoi^ ^ s^c).. ^71 e1# . ^ ^^^^ ^ 2S„ (n ^ 1). -fi-7| % ^^f- "J - % ^eT 

^ f"HlAi *>i4 ol^£i ^ T)]-! l-^s s]<H$aul. o)^ ^^^^ ^^^^ ^VEfls $;tll*V 

^.^M^ ^ €±* ^\^t}^ 4^ofi^ m^o^ 5 mM o]^ ^ €i(atomic sulfur) 

[S]fe 2 M <^l^o|i:].. >a.7) 38- ^£ [sjft, s ,2- ^ ^;<||e>fe £^ 5^ ;<ll-tV 

^ -SI- #«H 1 M S ^ ^ «± ^£ tS]fe 6 MO] €4. 

€• t-gS} 4^3ltV -gAlefl^ 7l7m4. riE^u^ 5^7)t^ ^Ajoi]^ ^ «^tgs| al-^aj^v ^ -M^^l'^l"^ ^ ^ ^J-^^^l *^ 
(^^l-i 1) 

% ^± 60 £^i;ti)s ^3) -p 20 ^ 4?lt:-lS (a)^ oHlEflcjE) 20 ^^%# ^Hlsq 

^elel7V 12A1?}- «>1>S- SH-H ^2:*H ^l25>^c).. 'a:^:^:^ ^|B)e|i 

<^1E1# ^7U, <=<^^^ ^ofl iM LiS03CF37> -g-Sfl^ i:1^^f^(D0L), ':]i^|s.a)o||^(dmE) c]#e^oj 

(DG) 5J -aS^l-CSLXS : 2 : 2 : 1 m^^-^ ^"^^ 1<HhSc]-. 42]ei]oiEj» ^7) o^^^ ^<>\] ^3. 

^'a--a: 1.5-2.8 V-5.S. 5>S(c)-. 

^^l* OCV<H)Ai 1.5 v^Vx) vil7>E]« (negative) ^^^^±S. ^"S-^ ^, 1.5 yoflAi 2.8 V^'}^) i^]El a 

(positive) U-^^S ^l<a-^ cf^, c|.Al 2.8 VoflAi OCV^'H v|l7}-El a «?h^o.s. ij)^.^ ^.^JlsV^cf olril 

0.05 mV/^S SF^i:)-. 

^^Ife ^ ^^11 «^ sla7> ?f 2.3 V ^l<?^oll^. Si^ S)H7l- et 1.9 V ^^«flAi ^Ei-ai^ ai ^•^ -{+3^ s^a 
7} ^ 2.6 V ^l^d-<HlAi M-El-y-^ ^ o;(cj.. .1 

(57) ^^^^^ 

1. 

Bl# £fe ell- ^^s^ -g-^; 

Ll2S„(n^l),-8-7l%^^#5{ #5)1113. ol-f-<H^ -tl^lslfe oj^oj % Tilt 

e)f-«gji). eft^ ^-1^ -8-nll 5J ^J-tv -g-'^il^ -S-71 -8-Bin- 
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• ■ . 

^^7] mt^ ovi m^. m^. n. o ^ s^} ms.^.}o]^^ m^, r , 0R2 (r, ^ r, ^ ^^^j) 

AJ^S]^ of^V ^nllfi^. R, (co)„R2, R, (CO)„R20R3. R, (C02)„R2. R, (C02)„R20R3, R, (CH2CH20)„R2 ( 
n ^ 1. R.. R2. R3^ ^^^i, OH, 0^1. o^^ll-i. o^^,^ ^i^A)7l)o] 7^:51 f}&^]o]^ ^ 

V ^<»JoI|>H i+E^^ ^ti j74^ Ell- - % ■ 
^^*c!- 2. 

c-)J%- ^53?1 oi-g-^ el#- Jg- €^1. 
^^•^ 3. 

4. 

5. 

2lf- Efe el# ^^sl -g-q- #1-^^ it*V^ 

* ^i, Li2S„(n ^ 1). -S-71% ^ #e]Dis o]^o]^ $<HlAi -$1^=1^ oj^S] % Tilt 

2.4-2.0 V?l al-§-%= e;-!-. % 
7. 

4 6 «ch<H] Sio^Ai. .^71 o^^^ ^o] niA^. IVA^ -^ll-Sl ^ ^ o]^S] ^ *|.uf ol>a-fi1 ^7} 

8. 
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(R, ^ Rz^ ?)-JiM[|olm. -S-^ ^=^^7V iSJicf 2]-^ ^nfl, ^ ^n^M ^ SJfe "I'Jf^^^^d -8-"l 

£ o]-cH^ ^oflAi Ajajs)^ o^^ ^nflfi^ (C0)nR2. R, (CO)nR20R3 . R, (C02)nR2. R, (C02)nR2 0R3 . R 
, (CH2CH20)nR2 (n ^ 1. R,. R2. Rj^ ^i^i. <^>1. ^^1, "g-?]^, <a-^Al7l)fi^ 7l-:jl -§-d1]. 

T-mm-^lE, ^>.7l- iSiLcl- ^ -§-Dl|. 5)1- tel-a^-^lHu)- elf- ^sj-ojc^ -g-«ll^l^ ^ Sife al<a=^J^H -8-°llS. 

10. 

LiBF4S ol^ol;^} ^0)]^-] Ajejs)^ ;5Jol j,^^ e|#-% ^i^l. 
^T^^ 11. 

elf - £fe elf - ^^s^ l^l-^^ it^fe 

Li2S„(n ^1). -S-7]%5j^^# ^ ^elHS ^ofl^i ^^Slfe Sj-uf c]^S] ^ Tj)^ l-:^-!. 

elf-^^St^al. 'Jh^l nil "S=^°)|>H #el>aBl-o]H(S„-' .S„-2 , o^7lA-1 n^2)i4'a3F«^lH(S-2 )7l- ^ 



■i- i^^fe elf - - % ^x)s.>H, 

-^^l elf--:^ ^^l* 0.1 mV/s ^]t}si\ i?J #£oflAi Al-oJ^g^ l-El-DilEe]iq ^ hI^I) 3|h7). 2.2-^1 7 

V ^•a-ofl'H ^El-i+jl,^ -tV^ j^Hfe 1.8 V oW]^] M-El-ul-fe el# - % ^1^]. 

^t"*c|- 12. 

XI 11 ^ofl 5a.<H>«i. <a=^-a- ^<»i iea^. iva^ omsi ^ ^^i- ^ oii-si f' 6^14 oj^o^ ;y7). 

^T^^ 13. 

XI 11 «J-°)1 5a<H^1, ^7) ^Sfl^g^ 0>^ ^''l^Sl N, 0 ^ S7} *IlEflS.A>0l§E^ 2^^^ R ^QR 

2 (R, ^ Rzfe ^ViLMl-^lS, -B-^ ^^7^ iSJicl- -g-t>ll, ^ ^db* -g-«ilA|?J oj- ojo^A^^^j ^dJ 

S oI^<H^ ^oO^i Al^Sl^ ■S-'-MR, (C0)nR2. R, (CO)nR20R3. Ri (C02)nR2, R, (C02)nR20R3, R 

, (CH2CH20)nR2 (n ^ 1, Rj. Rj, R3fe '^i^d, o}% -g-l, ^^7)^. ''d^^]7])S] ^^1- 7>;a -§-d1|, ^}o]^^ 

niLMl-^m, ^^71- iSJicf € -g-Dll, elf- #el^4<^lHi+ elf- 'a:D)-'>lH.l- -8-«I1a)^ Hl'a=^J^l->a -g-ofls. 

ol-?-<H^ ^ofl'H -a^js)^ 7j-^ -g-nlll- elf- - :^ 

14. 

XI 11 ^ofl sa<H'«'i^7l ^«i|^-a:-?-ol:i'i!:oli4-¥-'»liJi'a7l^^*nli§cl^iE^*>fe.^6l ji-8-%=5lf--%;ji>^l. 

15. 
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1 

16. 



Ell- £fe elf- -i-'^: 

% Li2S„ (n ^ 1), -^-71% 5}-^i- 5J te)HS 0)^01^ ^ofl^i AjejSlfe svul- oj^sl % t])^ 



'S-^l 5lf--% ^^^11- ^^A). 0.5 mV/s ^]t}S\ >i?J! Al-oJ^s^ ^ bj^ ji]^^^ g 2~1 
V ^'U-oil'^-i M-Bl-t+jl, ^ ^4 Al-^ j^Hfe 1.8 V ^-a- o]>^o])/,i i+E].i4fe 5JolB^, 

-^^71 ^ 0.5 mM o]^ ^m^. ^71 ^sflojio]) -g-s||s)<H ^ .^io] [sj^ 2 M -^l^^ j 
17. 



^1 16 ^<HA^, ^71 o^^^ ^o] niA^, IVA^ % 5^^# 51 o]^^ ^ o]^^ 

^T^^ 18. 

^1 16 ^0)1 Sl^^i. ^7] o}^ 3^^^^ m^. N. 0 ^ S7} it« 5^^^ R , OR 

2 (R, 5J Rzfe ^^). nm]^]^. >S-^7j- iSJic)- -g-ofl, % -8-«Il^l^J ^ SI^ ul-if^^^^^ -8-Dll 

S ^oflA^ of^> (C0)nR2. R, {CO)nR20R3. Ri (C02)nR2. R, (CO2 )nR2 OR3 . R 

, (CH2CH20)nR2 (n ^ 1, R, . R2, Ra^ "^i^^. 41, '3^1, "in^i. '^•71^. ^^^171)5) ^^i- 7^:5} -g-ni] A|-o)i^e^ 

19. 



^T^^ 20. 



4 17 ^ofl Slol'^^i. ^<i] Sc. Ti. V. Cr. Mn. Fe. Co.Ni. Cu. Zn. Y. Zr, Nb. Mo. Tc. Ru Rh Pd Ag 

Cd. Ta. W. Re. Os. Ir. Pt. Au ^ HgS ol^ol^ ^oflAl 'd^SI^ e^^. :^ 

^^■^^ 22. 



- 9 - 



^2002-0011562 

« 

^1 17 *J-»fl Sl<H^i ^7) mA^ ^^"8- Al. Ga, In ^ TlS. oj^ol^ 5<H]a-1 ^7) jy^a o. g. 

Ge, Sn ^ PbS ol^o^;}! ^o)l>^-l ^ejslfe ^6] B^f. . :^ 



£•3 1 



Hff(mA) 

.u M i ° - " 




- 10 - 



'^CQT AVAILARLE COPV 



